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Vxbiicfi^ : x : x : : : : : : : : : : : : : x : : : : : : : : : £ 

:-:':0: : : : : : : : :j:;:xx;|:x ■ xprospe^ 
Technical Field O.IOujTiand.smailer. . 

Xvx-: : x : x : : : x : : : x : : : x'x : x : x'S ;thls;time^ 
:;X^|iric^tidn:6i Large 

other devices having submicron features entailing pro: tern operates at a wavelength in the range of from 0 6 
jectibn lithography by use of extreme ultraviolet define- to 1 Bnm Thin membrane, gold or tungsten masks D 
ating radiation spaced 20 to 40u/n from the wafer, to avoid mask darm 

age have yielded pattern: images of 0 iu/n and smaller 

x-Xvxt^rmjr^ 

•'. ... . ■ I'x^XyxVxxxix 

: : : ; xE^ x^ 
x :tioh;^:- 

: Sdnm to 3nm.; This : w^ 

X X X X cWr^ 

: x Vacuu^ 

V: : ; x x 
: : : x x , x^ 
xx : : x: x 

sorption which like that of theEUV suggests use of re » rules as tha image are expensive to fabricate and diffi- 
flectmg, rather than transmitting, optics, cult to repair 

Proximity X-ray - A lensiess, onerto-one (maskrto- Projection systems providing for image reduction 

image), lithography system in which the information- permit use of less expensive, larger-featured masks - 
containing mask is in near-contact with the image plane features perhaps: 5 or more times larger than that of the 
■■■■ x Wavelength - -: M 

ox^:o : =:^: : :^x^ 

: : : : : x : : : : x : ^ :X;X;X;desirablefor rts:l^^ 

Leaky Phase Mask - A.phase mask in which delib- ceptable transmissivity in the membrane mask, is un- 
erate passage of illuminating radiation through blocking suited'for transmission optics. Required values of re- 
0x regions' de^^ 

diation to lessen scatter-blurring ot feature edges. The erwise suitable materials. 

structure is sometimes referred to as an "attenuated As a consequence, projection systems' use reflec- 

phase mask". tive, rather than transmission optics. Since conventional 

x-x^xO';':':'^ 

ence of delineating radiation in terms of Filling Factor, o $5 tributed mirrors - "Distributed Bragg Reflectors" (DBRs) 
- i e by reference to the degree of coherency yielded by - are used. (These are often called "multilayer mirrors' 
a system satisfying the relationship: in the EUV literature ) Again, the 1 2 nm proximity print- 

ing wavelength range is unacceptable Required index 

•x': : x ; : : : : : : : : : : x : x : : : x : : : :x 

x xx x x . x 

■■■'■■■■■'^ 

In accordance with the relationship, a a value of ze- 3nm). 

: : :x :x 

: : : : : : x x x : : : : : ^ 
x : x : x ; x : xxx : : : x : x : : : x ; : : >^ 

LSI built to design rules of 0.25nm or smaller, will require been printed in PMMA resist layers using delineating ra- 
delineating radiation 61 shorter wavelength than: that in diation of 13 9nm wavelength See, J E Bjorkholrrv et 
the presently used "near ultraviolet^ spectrum Shorter so. al. J Vac Sci Techno): 6 :8,: 1509 (1990) 
wavelengths in the deep ultraviolet spectrum (DUV), e Another problemanses While the gap-induced lim- 

g t at wavelength values of 248rim initially arid evehtu* itatibh of proximity printing is avoided - while the project 
airy of 1 93nm, should be satisfactory for design rules of tion process offers a high resolution aerial image - ap- 

:X: :X:X- -X; : ^ 

being pursued for use with smaller design rules. The first ss eating EUV radiation is absorbed within a very thin sur- 
uses accelerated charged particles - electrons or ions. face layer - far too thin a layer to use as a stand-alone 

> : >:^xxx:x 

DUV. Radiation in the EUV spectrum {X = 50nm-3nm) underlying major portion is effectively unexposed, re- 



EP 0 708 367 B1 



. suiting in poorly defined profiles, and in unsatisfactory tion. 

resolution Cl , . ... ... 

The problem is under study "Use of; Thieve! Resist Detailed Description 

(1990) describes a tn-level system constituted of a thin continues to undergo development The Schwarzwh.ld 
aver ol photosensrtive material, an underlying thin layer. arrangement using two spherical mirrors, has been 
ofoermaniumi and, finally, a thick layer of organic ma- succeeded by rrngfield scanning wrthaspheric correc- 
ted After developing the surface image, it is trans- Hons A state-of-the-art apparatus is described in US 
erred to the silicon substrate in ah etch step (irf .wh.ch V Pat 5 31 5 629 issued May 24 1994 Tha tour element 
the two underlying layers serve ,n succession as etch ringfield: scan apparatus is capable ol reproducing 
barriers) 0 1u/n features across an arcuate field several mm in 

A Dromisina approach uses a different form of "sur- width and 30mm in length 

face active- resist and a two-part process providing lor The commercially accepted form of the invention 

transfer of a developed surface image into the underly V will depend on many developments The experimental 

ino cart of ;th©; resist ; ; : x : : mask was planar. v ; : 

The problem is most severe in the EUV spectrum, a positioning, or even in a non-planar focusing element 

for wavelengths >10nm : although it is still a concern at of the lens train - ,s a possibility Elimination oftheinde- 

ionger wavelengths (e g at 193nm) pendent masking element, with accompany.ng^uced ; 
y x : : : : . : : x : : : : : . : ; ::::rp: optical losses, may be sufficient: compensation for the : : : 

R ,. m m»rv of the Invention complication of building the mask on a curved 

;>V. ..xxxxx xx xx. x.xxx;.;.;. x;.;.;. '.:/ ■ ' : ■ ■ ■[■[■[■[■[■[■[■[■y.-:-:-: 

The inventive apparatus serves as an alternative, Experimental work faithfully reproduced mask Uries 
or supplement, to a surface activated resist to permit and spaces in the resist A degree of freedom is intrp- 
projection-reduct.on lithography with improved image « duced by use of 'biased masks' - masks with predislort- 
edge definition Likely to find substantial use in the EUV ed features to compensate for distortion introduced by 
spectrum, it dep^ds on useof a phase mask, of unique : "overexposure". : : , : : x : : : : 
design The mask of the invention according to claim 1 Use of apparatus incorporate the new mask ,m- 
irrfproves resolution of the aenal image, with corre proves resolution for EUV projection aerial images, 
spending improvement in the resist image Therespon # Consequential improvement in resist images Q/ 0 
sible operating principle is that of the transmission leaky steeper feature edges - improves resolution in fhefmal 
phase mask of H Smith, etal US Pat 4,890 309 is- dev.ee Still further improvement will result by modrfying 
sued 1989 but now embodied in a reflecting structure processing to take advantages of the new mask Co- 
The same multi-layer mirror used in lens elements may filed US Pat App, 326.444, filed October 20, 1 994 de- 
serve as substrate The masking layer depends on par- & scribes improved processes 
tially transmitting or "leaky- blocking regions, which irrv Choice of wavelength range will depend on a 
pose a 180' round-tnp phase delay on delineating rad.: number of factors , eg. on resist capabilities and on 
ation reflected from these regions (relative to radiation mirror reflectivities Useof rad.at.on ofX=1 3,9nm is rep- 
reflected from unmasked regions) resentatfve ol the wavelength range of ISnm-SmWtfv 

x:40xiri the EUV spectrum used in reported work ; : The pre- . : : : 

R,1 P< Description of the Drawing ferred multi-layer phase mask operates over asome- 

;•;;; TTTTrTTTTTTTfnT^ 

FIG 1 is a cross-sectional view of a reflective leaky entire EUV speclrum of 50nm-3nm. Reflection phase 

phase mask of the invention; The structure shown uses masks, .f used in the DUV spectrum (300nm ISOnm) will 

a bl layer made up of discrete layers of attenuator and <s likely substitute a simple single surface mirror pertiaps 

phase shifter mthe bloc tog regions reinforced by a single Bragg pair 

FIG 2 shows an alternative mask structure ol the Specific mask design is primarily for the device fab* 

.nvention It is identical to that of FIG 1 but uses a single ncation which provoked the work leading to the present 

layer both for attenuating and phase shilling invention. That structure uses a simple apertured pat^ 

FIG 3 on coordinates of electric field on the ord. » tern layer directly deposited on the mirror Vanat.ons are 

nate and distance on the abscissa shows the relation- contemplated Masks are likely to use an apertured pat 

ship of these quantit.es for an .mage produced by a tern to avoid Unnecessary absorpt.on loss, but add. t.on- 
leaky phase mask: :x -x : al layers may beadded - 1o fine-tune the phase shift, or x 

FIG 4 on coordinates of intensity and distance, to protect the mirror 

shows the Intensity variation corresponding with the E- ss The improved aenal image may have other impl.ca- 

field variation of FIG 3 tio "s The same increased edge definition that results 

FIG 5 Is a plot relating image intensity to position in steeper resist profiles results in more sharply defined 

for aerial images for different values of mask attenua- boundaries in direct processing - in resist-less process- 
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ing in which radiation induced changes in the device- DBR surface 19. is attenuated and phase shitted during 

functional material are used in processing or in opera- its round-trip passage through layers 14 and 13, and 

• : : : : : H M 
•• -ble^ 

patented mask is similar in structure to an ordinary bi tenuatjon and phase shitting, The structure shown is 

nary transmission mask, with the exception that the constituted o1 substrate 20 DBR 22 and blocking layer 

opaque ("blocking 0 ) regions transmit a fraction of the in- 23 Layer 23 may be composed ol a single component 

cident radiation Transmission in the range of from 5% or 2 or more components forming a solid solution or fine 
: : : tb15%has:beerifb^ 
: :*:- : tered^ 

sion islor simple structures in which there is no phase ts sorter The layer may use: a heavy metal for absorption 

delay introduced: in the clear regions If, for some rea and a phase shifting tighter metal (with an absorption 

son this is not true, the phase delay of the blocking re edge at a wavelength below the operating wavelength) 

x - y x ^ ^icient as other d^^ 

construct and is less restricting of pattern complexity hole repair is particularly problematic for binary layers . 

Specific EUV reflective structures are shown in Repair of homogeneous layers: alloy or single material 
FIGS 1 and 2 FIG 1 shows a substrate 10 with a flat 25 layers - lor both shifting and attenuation is simpler. Pin- 

: ; : ;v; : ; : ; : surtace H 

^'■^ 

Si0 2 7.4 wt% Ti0 2 is an example of a suitable low-ex- organic layer selected to be etch-eroded at the same 

thermally conductive material. The substrate supports Preference for the transmission range of 5%- 15% 

a DBR structure 12. of successive layer pairs of high (2 5% 7 5% for one-way passage); is explained by inform 

and low refractive index materials. Layer pairs each in- mation plotted in FIG 5 An illustrative structure used a 

nating layers of silicon and molybdenum are suitable in ited on a 40 pair Mo/Si, 1/4X DBR, supported by a 0.6um 

60%-63% reflectivity in this range). Molybdenum/beryl- Mask patterning was by e-beam writing using the 

Hum pairs have been used with radiation aU = 11 .4nm. Electron Beam Exposure System (EBES), followed by 
Resist absorption is somewhat less at this wavelength *Q reactive ion etching Mask fabncation is described by D 

and reflectivities as high as 68,7% have been reported M Tennant, at al, f m J, Vac Sci. Techno! B, vol 10(9), 

: : : : ; : ; : : : : >>* : *:>>£ 

nium and boron carbide multi-layer mirrors have been III. Imaging Resist -The primary objective istoac- 

i ; : : : ^ 

the optic axis to compensate for radiation of non-normal This is too thin a layer to serve as stand-alone protection 

incidence during etching A number of innovative resists, designed 

The blocking (or "opaque") region is. a binary layer to solve the: problem/have been described, and are like- 
constituted of phase shifting: layer 13 and attenuating so iy to be used with the inventive phase mask They pro, 

:; : : >|^er:^ 

primary purpose. Taken together, the binary layer intro- lying body of the resist layer, often in a separate process 

duces the « phase delay with desired attenuation.) In- step. 

reflected radiation by rays 17 and 18. Ray 15, incident ss er, e.g. of an organometallic, light-sensitive material, 
on an unmasked portion of the DBR: surface 19 ts "to- and an underlying layer of organic material A liquid de- 
tally 11 reflected v i e , is reflected to the fuil : capability of velpper tias beeo used <q generate an gperture-image , . 
the DBR Ray 16 incident on a masked portion of the inthe surface layer Transfer is by plasrna etching See; 



: ; 4- 



.7,: 
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A E Novembre et at "A Sub Q^m Bjlevei Lithograph- 
ic Process Using the Deep- UV Electron Beam Resist P 
(SI -CMS)" Pblvmer Engineering and Science vol 29, 

in "near-surface' imaging the thin surface image is 
developed by chemical crosslinking of the exposed re° 
gions after which uncrosslinked regions are made re- 
sistant to plasma transfer, by use of ah agent which se- 
lectively reacts in these regions A form of the process 
uses silylatioh See GN Taylor et al " Si lylated positive 
tone resists for E!JV lithography at 14 nrp\ Microelec- 
tronic Engineering , vol 23, p 279 (1 994) 

In u at-the-surtace -imaging" refractory films are 
chemically bonded to organic resist surfaces to provide 
a plasma resistant etching mask dunng image transfer 
See, G'-N: Taylor, etal "Se^assembly, its use in at-the- 
surface imaging schemes for microstructure fabrication 
m rociQt films' Microelectronic Engineering, vol 23, 
p. 259 (1994). 

aerial image - an image with better edge resolution (or 
edge contrast). This is used to advantage in a variety of 
ways It may give greater freedom in choice of resist, it 
may permit increased exposure 
motivating problem - resist absorption - it permits sub 
stantially increased thickness for the developed image 
Here, the improved edge definition permits increased 
exposure because of lessened feature broadening This 
increased thickness facilitates image transfer into un- 
derlying masking material and/or results in: a more sta 
ble masking layer during subsequent processing This 
is described as improved "CD" (critical dimension) con- 

FIG. 3 describes the improvement of the aerial im- 
age in terms of electric field amplitude: The figure is plot- 
ted on coordinates of E-field and image plane: position 
for a mask portion containing a single: feature edge 
Three curves are shown Curve 30 shows the electric 
field of the radiation reflected from the mask surface 

made up of nominally totally absorbing and transparent 
regions ) The field decreases from a maximum value on 
the unmasked region: (left hand region) to zero in the 
blocking region Curve 31 shows the field of the fraction- 
al portion of radiation reflecting back through the leaky 
blocking region Curve 32 shows the resulting compos- 
ite field . with its total cancellation at featureredge posy 

FIG 4 plots the effect in units of; intensity, ie the 
square: of the E-field Curve 40 shows the variation in 
field intensity in the vicinity of afeature edge for an aerial 
image produced by a normal mask, monotonically de 
creasing from lis maximum value to zero Curve 41 
shows the intensity distribution lor a leaky phase mask 
Intensity drops at increasing rate and reaches zero val- 



ue at feature edge 42 t and: then changes direction and 
rises to a finite value That finite intensity value at the 
plateau of curve 43 is the "leakage 0 (or transmission) 



5 FIG 5 shows ah image portion of 0 Sum width For 
the 0 50^m lines and spaces of the image, This portions 
shows a single feature edge (in the: center of the span), 
bounded by a half line (left-hand portion) and a half 
space (right-hand portion) Ordinate. units are image in- 

:iux:te'nsjt^v XyX ; : ; X ; ': 
FIG 5 shows the aerial image for four values of 

: : : : mask : arten^ 

made up of blocking regions of. 100% nominal opacity 

: : : : : : 0Uryes!5^ 

curve 53 for 30% In abscissa units, the feature edge is 
considered to lie at 0 25um The improvement in slope 
: ; : : for each oicO 

: : : • is: • some : improvement; : ; with : increased; transmission, : 
20 there is little change beyond the 10% transmission 

:xx|:whi^ 

i;i;!vi;t|ie!fisijireiviv • x.-xxx:-x : : : 

^ T : : ^ !th iB* : 1 0% : tVkh'^riii^|6iri; :hTia[^k* : iis : ^ - bomp rcMTiis.e. ; ^ : ; : 
tween image contrast and: interference structure Final 
2S choice will depend on resist characteristics, circuit de- 
sign, and radiation: coherency in general, the preferred 
•xxtransmission range 

■y/'-Vy^y. Sy nchrotrbn j and '. plasma '. sou rces ; are st udied for ; 
x : x x EUV : iithbgraphy, ; : the ; sy hchrbtroh: : is : • inherent ty n ear • 
3d 100%-coherent Scatter plates, have been used to re- 
> x xduce cohereh 

08/059924, liled May TO, 1993, describes appropriate 
synchrotron collection optics Plasma source emission 
is generally enlarged in use and is effectively ihcpher- 
35 ent Collector optics with appropriate filling factors for 
XxiXassuring ; -tb^: dtei-riad : i^hjirwbb- :dei6<;ribbd : l^: U:^*:- : 
Pat. 5,339,346, August 16, 1994. 



40 Claims 

t Lithographic mask compnsmg a mask pattern for 

.: x : x : : ; x p 

including features of least dimension less than 

• 45 : ; ;: : ^ 

regions and blocking regions for selectively trans- 
:x'x:x::xmittin^ 

blocking regions being so composed and of such 

thickness as to transmit a portion of incident del in- 
so eating radiation, while imposing a phase delay, so 

that the portion is phase shifted by about 180° rel- 
: : | : ■ : I : brtiV^- : tb^ tHat : ^riairism jttsd: : t^riqfii ijh ; i^n^F?^^ : : : : 

gions, whereby feature edge definition is improved 

: x : : x : :by:de'struc^^ 

;^;:x;x:x;::xx 

xxthemask 1 1 ^ | r-^f l^bt iri]g| : viniasK] :i ^^UcJiog : ^ : r.o^: | : 
fleeting substrate with its reflectivity: dependent on 
a multi-layer distributed reflector and in that block- 
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ing regions mask the reflecting substrate from incr bereicheso gewahlt ist daB fur Einweg Darchgang 

dent radiation, the thickness ot the blocking regions von Strahlung eme Phasenverschiebung von etwa 

: : : : : being^ : xox -90 Grad auter 

for one-way passage of radiation, in which the thick Brechungsindex der Sperrbereiche so gewahlt ist 

- 

:-:suchas^ 

150nm to 3nm - 1 

2. Maskof claim 1 in which the composition of blocking }0 zung von Sperrbereichen mindestens zwei Be- , ' 

3. Mask of claim 2 in which blocking regions consist 3. Maske nach Anspruch 2, bel der Sperrbereiche aus 

: : : : of :at^ 

: : : : : : : : x : : ::: " : x : x-: : : : x : S 

4 Mask of claim 3 in which blocking regions consist 4 Maske nach Anspruch 3 bei der Sperrbereiche im 

essentially of two discrete layers. wesentlichen aus zwei diskreten Schichten beste- 

5. Mask of claim 2 in which discrete ingredients con- 20 

\^\'y'iy\\y/y^ x x teilejeine physi^^^ 

/x : x'x : x^x ; x$; : xMas^ 

essentially of a single layer of homogeneous mate 6, Maske nach Anspruch % bei der Sperrbereiche im 

na l 2S wesentlichen aus einer einzigen Schicht aus homo- 

8. Maske nach Anspruch 1 bei der die Abmessung 
der Abbildungsstrukturelemehte weniger als 0,18 

Patentanspruche 35 pm betragt. 

: : : : : : : x : x : : : x : x : : : x : xi : ^ 

Weinsten Abmessung von weniger als:0 ? 25 \xm ent- 49 1 Masque hthographique comprenant un motif de 

halt, die Maskeristruktur zurri selektiven Durchlas- masque en vue de produire urie image de projec- 

senSperren voh Sch re ibst rati lung aus durchlassK : tidnj'image de projection c^ 

gen Bereichen und Sperrbereichen besteht, die ristiques de moindre dimension in16rieures k 0,25 

Sperrbereiche so zusammengesetzt sind und eine pm, le motif de masque 6tant constitue* de regions 

solche Dicke aufweisen, daB ein Teil von einfalien- transparentes et de regions bloquantes en vue de 

X;X;X;X;X;X;X 

eine Phasenverzogerupg auferlegt wird, so daB der nement de delineation, les regions bloquantes 6tant 

Teil relativ zu dem von durchlassigen Bereichen composers de telle sorte, et 6tant d'une dpaisseur 

durchgelassenen Teil urn etwa 180 Grad phases telle, qu'elles transmettent une portion durayonne- 

verschoben wird wodurch die Strukturelement- SP ment de delineation incident, tout en imppsant un 

kantenscharfe durch Ausldschung verbessert wird, retard de phase, de sorte que la portion sort d6pha- 

dadurch gekennzeichnet, daB s6e d'environ 180° par rapport a celle transmise a 

die Maske eine reflektierende Maske ist und travers les regions Iransparentes, ce par quoi la d6- 

ein reflektierendes Substrat enthalt, wobei der Re- finition des bords des carac16ristiques est amelio- 

flexionsgrad von einem mehrschichtigen verteilten ss ree par interference destructive, 

Reflektor abhangt, und dadurch, daB Sperrberei- CARACTERISE EN CE QUE 

che das reflektierende Substrat von einfallender le masque est un rmsque de reflexion com- 

Strahlung abschirmeh, wpbei die Dicke der Sperr, pprtant un substrat de reflexion dpnt la r6flectivit6 
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depend d'un r6flecteur rSparti sur de muttiples cou- 
ches, et en ce que des regions bloquantes. mas- 
quent le substrat de r6f|exjbn par rapport au rayon- 
nemenf incident Tepaisseur.des rigions bloquan- 
tes 6taht telle qu'elle impose; un:d6phasage d'envi 
ron 90° pour un passage unidirecttqnnel de rayon- 
nement dans lequel I'epaisseuret rmdice.de reTrac- 
Hon des regions bloquantes sont teis qu'ils prpdui 
sent cedephasage pour un rayonnement cfunelon- 

longueurs d'onde allant de 1 50 nma 9 nm 

2 Masque selon la. revendication 1 1 _ dans lequel la 
corpppsitipn des regions bloquantes cqntieht au 
moms deux ingredients 

• '. '.■ '.' '. V. • . • . • . • ; - \ • * • x - * • \ ■ ]■ '.• XX '.• X • '. '. • '. • . • . x X X X X \ XX - " * ■ * ' ■ XXX * 

3;; " M 

regions bloquantes sont constitutes d'au moms 

4; : x^ 

regions bloquantes sont essentiellement consti- 
tutes de deux couches discretes 

5 Masque selon la revendication 2. dans, lequel les 
ingredients discrets constituent un rn6lanige physi- 

;x'xx:qUex;:x^ 

• ^ixMastjue ! : ^]eilc3«i" laai : lr.^;^ridfc4til^" : :i i: V : 

regions bloquantes sont essentiellement .const!? 
x:xx;tuees:d , une 

7. Masque selon la revendication 1 D dans lequel 
l^paisseur des couches bloquantes prqdurt le de- 
phasage pour un rayonnement d'une longueur d'on- 
de se trbiivaht dans la gamme de longueurs d'onde 

•xxx/:de^50:nm^^ 

: B; : M 

x ; xxm^ 
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